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1
METHOD AND SYSTEM FOR SIGNALING
TRANSMISSION LAYERS FOR SINGLE USER
AND MULTI USER MIMO

CROSS-REFERENCE TO RELATED
APPLICATION

This bypass continuation application claims the benefit
under 35 U.S.C. §120 of PCT Patent Application No. PCT/
US2010/038487, filed Jun. 14, 2010, entitled “Method and
System for Signaling Transmission Layers for Single User
and Multi User MIMO,” which claims priority to U.S. Provi-
sional Application No. 61/218,705, filed Jun. 19, 2009. Pro-
visional Application No. 61/218,705 and PCT Application
No. PCT/US2010/038487 include exemplary systems and
methods and are incorporated by reference in their entireties.

FIELD OF THE DISCLOSURE

The present disclosure relates to Multiple Input, Multiple
Output (MIMO) communication and in particular to dedi-
cated reference signal usage for demodulation data in MIMO
systems.

BACKGROUND

In Long Term Evolution (LTE) Release 8 (Rel-8) specifi-
cations, Multi User Multiple Input, Multiple Output (MU-
MIMO) transmission is supported in downlink transmission
by using transmission mode 5 in the physical layer. If MU-
MIMO is specified in such transmission mode, a User Equip-
ment (UE) will feedback a Precoding Matrix Indicator (PMI)
and Channel Quality Indicator (CQI)to an Evolved Universal
Terrestrial Radio Access Network (E-UTRAN) Node B
(eNB) and the eNB will schedule two or more UEs together
and signal to the UEs the precoding matrices used for trans-
mission. The transmit power to each UE may then be properly
scaled to maintain a constant total transmit power and such
power scaling factor may also be signaled to the UE.

The UE will use a Common Reference Signal (CRS) for
channel estimation. Thus, other than the power scaling, the
MU-MIMO scheme under Rel-8 is almost the same as a
closed loop Single User MIMO (SU-MIMO) scheme without
any special treatment for MU-MIMO.

InLTE Advanced (LTE-A), various features are being con-
sidered. Among them are that the reference signal (RS) is
defined into two categories, one for Channel Measurement
(CSI-RS) and the other for Demodulation (DM-RS). This is
different from the Rel-8 specifications, where channel esti-
mation and demodulation all use the same set of common
reference signals, the CRS. Furthermore, the DM-RS should
be precoded in the same way as for data, making the RS a
Dedicated Reference Signal (DRS).

In LTE Rel-9, a work item being investigated is the perfor-
mance of a dual layer beamforming technique. In such a
system, two independent data streams are encoded, modu-
lated and mapped to frequency resources. The data streams
are then transmitted on two independent beams from a set of
antennas, a subset of which may have low mutual correlation.
For example the set of antennas could be an array of half
wavelength spaced dual polarized elements or the set could be
two panels separated by 4 or more wavelengths, where each
panel contains half wavelength spaced elements. DRS is also
used for demodulation.

This use of a Dedicated Reference Signal creates problems
with regard to control signaling. Efficiency is one design
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2

consideration for control channels, since control channel
overhead impacts system capacity.

Efficient control signaling schemes have been developed in
the area of resource allocation. In particular, in order to allo-
cate one or more of a plurality of radio resources, several
signaling schemes have been developed. For example, ifthere
are N radio resources, then a bitmap of length N, where each
bit represents one radio resource, can be used to indicate a
resource allocation. Alternatively, if there are N radio
resources, then a first signaling field can be used to indicate
the first radio resource in a resource allocation and a second
signaling field can be used to indicate the number of radio
resources in the allocation. Efficient signaling is also desir-
able for DRS.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure will be better understood with ref-
erence to the drawings in which:

FIG. 1 is a block diagram showing configuration of multi
user multiple input multiple output communications in a long
term evolution release 8 system;

FIG. 2 is a block diagram showing beamforming commu-
nication between a base station and a single user;

FIG. 3 is a block diagram showing beamforming commu-
nication between a base station and multiple users in which
the same beams are provided to each user;

FIG. 4 is a block diagram showing beamforming commu-
nication between a base station and multiple users in which
separate beams are provided to each user;

FIG. 51is ablock diagram showing multi user multiple input
multiple output communications in which separate layers are
provided to different user equipment;

FIG. 6 is a block diagram showing a multi cell implemen-
tation of the system of FIG. 5;

FIG. 7 is a block diagram showing a dedicated reference
signal pattern;

FIG. 8 is a block diagram showing layer assignment
grouped for each receiver;

FIG. 9 is a block diagram showing layer assignment
grouped for each receiver in which the assignment wraps
from a last layer to a first layer;

FIG. 10 is a block diagram showing communications
between a network element and a user equipment in which
dedicated reference signal patterns/codes or ports are derived;
and

FIG. 11 is a block diagram of an exemplary user equip-
ment.

DETAILED DESCRIPTION

The present disclosure provides a method to signal trans-
mission layers to be used in a multiple input multiple output
system comprising: providing a downlink control signal con-
taining information for transmission layers or dedicated ref-
erence signal ports utilized, the dedicated reference signal
ports being associated with the transmission layers; and using
the information to demodulate data on each transmission
layer.

The present disclosure further provides a network element
configured to signal transmission layers and/or DRS patterns/
codes or DRS ports to be used in a multiple input multiple
output system comprising: a communications subsystem for
providing a downlink control signal containing information
for transmission layers and/or DRS patterns/codes or DRS
ports utilized.
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The present disclosure still further provides a method at a
user equipment for utilizing information for transmission
layers to be used in a multiple input multiple output system
comprising: receiving a downlink control signal containing
information for transmission layers or dedicated reference
signal ports utilized, the dedicated reference signal ports
being associated with the transmission layers; and demodu-
lating a signal based on the information.

The present disclosure still further provides a user equip-
ment configured to use signaling for transmission layers and/
or DRS patterns/codes or DRS ports in a multiple input mul-
tiple output system comprising: a communications
subsystem for receiving a downlink control signal containing
information for transmission layers and/or DRS patterns/
codes or DRS ports utilized; and a processor for demodulat-
ing a signal based on the information for transmission layers
and/or DRS patterns/codes or DRS ports utilized.

Reference is now made to FIG. 1. As shown in FIG. 1, a
Rel-8 Multi-User MIMO transmission is shown. If specified
that the UE is in transmission mode 5, the UE provides a
precoding matrix indicator (PMI) and channel quality indi-
cator (CQI) to the eNB and the eNB then schedules two or
more UEs together and signals to the UEs the precoding
matrices used for transmission.

Thus, as seen in FIG. 1, a UE 110 and a UE 120 both
provide signals to eNB 130, through a base station 140, with
the CQI and PMI, as shown by arrows 142 and 144 respec-
tively.

In response, the eNB 130, through base station 140, pairs
the UEs 110 and 120 and starts the MU-MIMO transmission,
as shown by arrows 152 and 154.

Conversely, in LTE-A various options exist. Among them
are dividing the reference signal into two categories, one for
channel measurement and one for demodulation. The refer-
ence signals for demodulation are precoded in the same way
as the data and thus become dedicated resource signals. One
reason for introducing DRS as DM-RS is to control the
resource signaling overhead in high order MIMO (where a
large number of channels or layers are enabled). In LTE-A,
high order MIMO would require more overhead if the com-
mon reference signal is used.

The introduction of the DRS for LTE-A may facilitate the
use of Multi-User MIMO. Namely, the use of DRS requires
no explicit signaling of the power level to the UE since the
power level information is carried by the DRS. Also, due to
the use of DRS, the eNB could use different precoding matri-
ces other than the one recommended by the UE, and it could
even use a precoding matrix not specified in a codebook. The
use of such precoding matrices may facilitate interference
suppression and cancellation in MU-MIMO. Furthermore,
the PMI need not be signaled by the eNB to the UE to save
control signal overhead in one embodiment. The use of DRS
also allows more flexibility for the MU-MIMO transmission
such as layer allocation.

In LTE Rel-9, beamforming techniques and design aspects
are considered. In such a system, two independent data
streams are encoded, modulated and mapped to frequency
resources. The data streams are then transmitted on two inde-
pendent beams from a set of antenna with cross polarization.
DRS is used for demodulation.

Reference is now made to FIG. 2. As seen in FIG. 2, a UE
210 communicates with an eNB 220 through a base station
230. In the embodiment of FIG. 2, a single user MIMO has
dual layer beamforming, as shown by beams 240 and 242
respectively.
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Referring to FIG. 3, a UE 310 and UE 320 communicate
with an eNB 330 through base station 340. Each UE 310 and
320 receive 2 beams, shown as beams 350 and 352.

Reference is now made to FIG. 4. In FIG. 4, UEs 410 and
420 communicate with an eNB 430 through a base station
440. In the example of FIG. 4, a dual layer beam forming for
Multi-User MIMO is provided with different beams. The
different beams are shown as beam 450, provided to UE 410,
and beam 452, provided to UE 420.

As seen from FIGS. 2, 3 and 4, two independent data
streams are modulated and mapped to frequency resources.
They are then transmitted on two independent beams from a
set of antennas, a subset of which may have low mutual
correlation. For example the set of antennas could be an array
of half wavelength spaced dual polarized elements or the set
could be two panels separated by 4 or more wavelengths,
where each panel contains half wavelength spaced elements.
DRS is used for demodulation.

FIGS. 2 to 4 show that the system of Rel-9 has the flexibil-
ity to support Single User MIMO as well as Multi-User
MIMO transmission and can have the flexibility of transmit-
ting to two users, each on a different beam or layer.

The transmission flexibility in Rel-9 and LTE-A requires a
corresponding new control signal design to avoid the intro-
duction of too many modes and too many transmission con-
figurations, as the introduction of too many modes and con-
figurations will increase the complexity of both the eNB and
UE.

Furthermore, even though Multi-User MIMO may provide
performance benefits for Rel-9 and LTE-A, some issues may
need to be addressed, other than by using the dedicated ref-
erence signals. This is because, unlike using the Single-User
MIMO, there is flexibility in Multi-User MIMO configura-
tions and transmissions to be considered in the design of
control signaling.

Reference is now made to FIGS. 5 and 6. FIGS. 5 and 6
show two examples of Multi-User MIMO transmission in
both single cell and multi-cell transmission (CoMP).

Specifically, in FIG. 5, a single cell, multi user MIMO
system is provided where various layers are transmitted to
different UEs. In particular, in FIG. 5, UE 510 receives a layer
512 from the eNB 520 through a base station 522.

UE 530 receives layers 532 and 534 from the eNB 520.

Referring to FIG. 6 amulti-cell approach is shown in which
a UE 610 receives a layer 612 from both eNB 620 and eNB
630 through base stations 622 and 632 respectively.

UE 640 receives beams 642 and 644 from eNB 620 and
eNB 630 in the example of FIG. 6.

As will be appreciated, FIGS. 5 and 6 show downlink
transmissions, which could mean different layers being trans-
mitted or it could mean actual beams. From the figures, three
beams are provided, two being provided to one UE, while the
third is

However, mixed layer transmission is not supported by
current Rel-8 control signaling. This is because the current
Rel-8 control signal only contains information of transmit
rank (TR), which is enough to support Single User MIMO or
Multi-User MIMO whereas CRS is used as the DM-RS.
However, for Rel-9 and LTE-A, as DRS is used for MU-
MIMO as DM-RS, and DRSs on different layers are orthogo-
nal to each other, rank information is not sufficient for the UE
to perform demodulation.

Specifically, reference is made to FIG. 7. As shown in FIG.
7, a DRS pattern 710 has two sets of DRS for each layer,
namely DRS for layer 1 720 and DRS for layer 2 722. The
DRS for layer 1 720 and DRS for layer 2 722 are orthogonal
to each other. If the eNB configures the MU-MIMO transmis-
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sion on 2 UEs, each with a different layer, then simply sig-
naling to the UE the rank-1 transmission is not enough as the
UE must also know on which layer it is going to receive the
transmission and to use the appropriate DRS for demodula-
tion.

Furthermore, in Rel-8 standards, SU-MIMO and
MU-MIMO are two separate transmission modes. However,
in LTE-A it may be desirable to have such modes merged into
one MIMO mode to support dynamic switching between
SU-MIMO and MU-MIMO without awareness of the UE.

Various control signaling options are provided below.

1. Bitmap Approach

In a first embodiment, one way to signal the transmitted
layers in downlink control signals is to use a bitmap. Thus, for
example, for 2-layer transmission, a 2-bit bitmap could be
included in the Downlink Control Information (DCI). A first
bit “1” means the corresponding layer is scheduled for trans-
mission, while a bit value of “0” means that the layer is not
scheduled for transmission.

Thus, the following bit combinations for a 2-bit bitmap
could have the following meanings assuming layer index
starting from O

[1 0]—This means that layer O is scheduled for transmis-
sion

[0 1]—This means that layer 1 is scheduled for transmis-
sion

[1 1]—This means that both layers are scheduled for trans-
mission

Since both in Long Term Evolution (LTE) Rel-9 specifica-
tions, and also in LTE-Advanced (LTE-A), each layer has its
corresponding dedicated reference signal (DRS) to demodu-
late the corresponding layer. For Single User MIMO, all the
above 3 bit combinations could be used to indicate single-
layer transmission or full-rank transmission.

For Multi User MIMO transmission where two users could
be scheduled at the same time, if each UE is scheduled to
receive on a different layer, then bitmap [1 0] could be sig-
naled to the first UE and bitmap [0 1] could be signaled to the
second UE.

As will be appreciated by those skilled in the art, the above
bitmap not only contains layer information, it also contains
Transmitted Rank (TR) information. Specifically, the bitmap
[1 0] simply means a rank-1 transmission is scheduled, while
abitmap of [1 1] means a full rank transmission is scheduled.

Inthis regard, bitmap signaling not only solves an issue that
layer information is missing from the downlink control signal
in LTE Rel-8, but also makes SU-MIMO and MU-MIMO
transparent to the UE, as the same DCI format could be used
for SU-MIMO and MU-MIMO and a UE does not have to be
aware if it is in SU-MIMO mode or MU-MIMO mode.

Referring to Table 1 below, Table 1 provides a bitmap
method for a 2-layer transmission and summarizes the above.

TABLE 1

Bitmap method for 2-layer transmission

Layer index (2 bits) Interpretation Transmitted Rank (TR)
[10] Layer (beam) O is 1
transmitted
[01] Layer (beam) 1 is 1
transmitted
[11] Both layer (beam) are 2

transmitted
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6

As seen in Table 1 above, the bitmap corresponds with the
layer that is transmitted and also provides the transmitted
rank.

For dual-layer Beamforming (BF) schemes for Rel-9, such
signaling could be used as well to provide enough flexibility
for supporting SU-MIMO and MU-MIMO.

The above 2-bit bitmap is scalable and could be extended
for 4-layer transmission or 8-layer transmission.

For 4-layer transmission (also called rank-4 transmission
herein) LTE-A, a 4-bit bitmap could be used and some
examples of such a bitmap follow.

Specifically:

[1100]—Could mean that layers 0 and 1 are scheduled for
transmission, with a transmitted rank of 2.

[0100]—Means that layer 1 is scheduled for transmission
and a transmitted rank of 1.

[111 1]—Means that all 4 layers are scheduled for trans-
mission and a transmission rank of 4 is assigned.

Utilizing the same convention, for 8-layer transmission in
LTE-A, an 8-bit bitmap could be used.

The bitmap method, in summary, is used with the number
of'bits equivalent to the maximum number of layers that could
possibly be transmitted. The total number of layers possibly
being transmitted would be the same as the total number of
virtual transmit antennas in single cell transmission, or total
number of combined transmit antennas from different trans-
mit points in Coordinated Multiple Point (CoMP) transmis-
sion. Any bit in the bitmap could use values of either 1 or 0,
with a value “1” meaning that the corresponding layer will be
transmitted to the UE and with the value “0” meaning that the
corresponding layer will not be transmitted to the UE. Such
bitmap is transmitted and may be associated with the DCI and
could vary from subframe to subframe, reflecting the fact that
different numbers of layers could be transmitted from sub-
frame to subframe.

In an alternative embodiment, similar to the bitmap
approach above, is to utilize the index of layer allocation
information. Specifically, in the case of 4 layers there are a
total of 15 different combinations. By sorting these 15 com-
binations in order, the eNB may signal an index value to the
UE of 4 bits. In the case of 8 layers, there are a total of 2 exp
8-1=255 different combinations. By sorting them in order,
the eNB signals an index value of 8 bits to the UE.

The alternative embodiment is described below with
regard to Table 2 which shows an example of an index value
that is passed from the eNB to the UE. The index corresponds
with the bitmap shown in Table 2 below, for example.

TABLE 2

Indices for 4-layer transmission

Index Value Layer Bitmap
0 [0o001]
1 [0010]
2 [0100]
3 [1000]
4 [0o11]
5 [0101]
6 [1001]
7 [0110]
8 [1010]
9 [1100]

10 [0111]
11 [1011]
12 [1101]
13 [1110]
14 [1111]
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In yet a further possible embodiment, a field may be com-
posed of two parts. The first part is a subset indicator, while
the second field is the index of the element in the subset. For
example, if we divide all combinations into 2 sets, one for
SU-MIMO and the other for MU-MIMO, then the first subset
indicator is 1-bit. That is, if the first subset indicator is a “0”,
it is for SU-MIMO subsets. Otherwise it is MU-MIMO sub-
sets. Such subset indicator could be implicitly signaled by
other parameters which indicates the SU-MIMO and MU-
MIMO transmission. Assuming there are a total of 4 layers,
the second field for the SU-MIMO subset is a 2 bit element
index. The second field for the MU-MIMO subset could be a
3-bitelement index. Thus, an extra padding bit could be added
to the SU-MIMO element index to align its DCI format with
that of the MU-MIMO if a unified DCI format is desired.

In particular, the use of an indicator bit with a subset is
illustrated below.

TABLE 3

Subset indicator for 4-layer transmission

Subset Element Layer

Indicator Index Bitmap  Definition
[0] 0 [1000] SU-MIMO - Layer 0
[0] 1 [1100] SU-MIMO - Layer 0 and 1
[0] 2 [1110] SUMIMO - Layer0,1 and 2
[0] 3 [1111] SUMIMO - Layer0,1,2 and3
[1] 0 [1000] MU-MIMO - layer 0
[1] 1 [0100] MU-MIMO - layer 1
[1] 2 [0010] MU-MIMO - layer 2
[1] 3 [0001] MU-MIMO - layer 3
[1] 4 [1100] MU-MIMO - layers 0 and 1
[1] 5 [0011] MU-MIMO - layers 2 and 3
[1] 6 [1110] MU-MIMO - layers 0, 1 and 2
[1] 7 [1111] MU-MIMO - layers 0,1,2,3

2. Grouping Assignment Approach

The above bitmap approach covers all arbitrary selection,
combinations, which may in some instances not be necessary.
A simplified alternative to the bitmap approach is to assign
the layers to each UE together. For example, if 3 UEs will be
assigned with nl, n2, n3 layers, then the first nl layers could
be assigned to the first UE, the next n2 layers could be
assigned to the second UE, and the next n3 layers could be
assigned to the third UE.

In particular, reference is now made to FIG. 8. In FIG. 8 a
layer index for 8 layers is shown. The layer index 800 includes
afirstlayer 810, second layer 812, third layer 814, fourth layer
816, fifth layer 818, sixth layer 820, seventh layer 822 and
eighth layer 824.

In the example of FIG. 8, three UEs are transmitting in
MU-MIMO. The first UE can be assigned layers 810 and 812,
the second UE can be assigned layers 814, 816 and 818, and
the third UE can be assigned layers 820, 822 and 824. The
allocation of layers which are adjacent to each other to a UE
corresponds with the grouping assignment approach.

To signal each assignment, a pair of numbers, denoted by
(n,m) could be defined, where n is the index of starting layer
for each UE and m is the number of layers assigned to the UE.
Thus, in the example of FIG. 8, such pair of numbers for each
UE could be derived as follows, assuming that the layer index
for layer 810 starts from O:

UE #1, (0,2)

UE #2, (2,3)

UE #2, (5,3)
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Furthermore, the assignment could be used in a more gen-
eralized wrap-around fashion. Reference is now made to FIG.
9. In FIG. 9, two UEs are assigned, one having 3 layers, and
the second having 5 layers. The starting index and number of
layers for each UE could be defined as:

UE #1, (2,3)

UE #2, (5,5)

Referring to FIG. 9, layer 910 has a layer index 900 of 0 and
the subsequent layers, namely layer 912, layer 914, layer 916,
layer 918, layer 920, layer 922 and layer 924 could be
assigned. In particular, in accordance with the above, layers
918,920, 924 are assigned to UE #2. Furthermore, UE #2 has
layers 910 and 912 assigned to it since there are 5 layers
assigned and the process wraps around 2 layers 910 and 912.

Table 4 below summarizes the signaling bits for such an
approach for 4 layer and 8 layer transmissions. As can be seen
in the table, for 4 layer transmission there is no overhead
reduction for an approach as compared with a bitmap
approach. However, for an 8 layer approach, such approach
requires 6 signaling bits, which is a 2-bit saving over the
bitmap approach.

TABLE 4

Number of signaling bits for grouping assignment approach

Total number of Bit for number of Total
transmission Bit for index of layers for each number of
layers starting layer “n” UE “m” signalling bits
4 2 2 4
8 3 3 6

3. Selected Layer Approach

While the bitmap approach described above is simple and
straightforward, it may cover arbitrary layer selection com-
binations. For cases where the total number of transmission
layers is low, such as 3 or 4 layers, using 2-bit or 4-bit bitmaps
will not introduce much extra overhead and therefore might
be acceptable. However, for the case where the total number
of transmission layers is high, for example 8 layers, using an
8-bit bitmap could lead to some concerns regarding control
channel overhead. In order to address the concern of over-
head, an alternative grouping assignment approach is pro-
posed above which may lead to some overhead reduction for
8 layer transmission.

A further approach is a selected layer approach. The
selected layer approach selectively chooses some combina-
tions of layers for the transmission. The selection of such
layer combination should be carefully made without missing
any typical layer combinations. On the other hand, not every
arbitrary layer combination layer is meaningful and therefore
leaving out some of the layer combinations should not impact
performance.

Selection of layers may be made based on various criteria.
Three criteria may be used, for example, may include:

1) All transmission layer hypotheses for SU-MIMO should be
included;

2) In addition to the layer hypotheses selected for SU-MIMO,
extra layer hypotheses for MU-MIMO could also be added;
and

3) When the eNB assigns MU-MIMO transmission, it will
assign a UE with the most number of layers first, followed by
the UE with the second most number of layers, etc., for
example.
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Thus, when the eNB assigns two UEs in MU-MIMO, UE
#1 having 2 layers and UE #2 having 3 layers, the eNB should
assign layers 0 to 2 to UE #2 first followed by assigning layer
310 4 to UE #1.

The assignment of the most layers first avoids unnecessary
combinations and leads to reduction in the combinations
needing to be signaled, thus saving signaling overhead.

An example of layer selection for a 4-layer transmission is
illustrated below with regard to Table 5.

TABLE §

Lavyer selection for total 4-layer transmission

Bitmap Indications Per-UE

Index for layers Transmission Rank Modes
0 [1000] 1 SU-MIMO/MU-
MIMO
1 [0100] 1 MU-MIMO
2 [0010] 1 MU-MIMO
3 [0o01] 1 MU-MIMO
4 [1100] 2 SU-MIMO/MU-
MIMO
5 [0o11] 2 MU-MIMO
6 [1110] 3 SU-MIMO/MU-
MIMO
7 [1111] 4 SU-MIMO

Furthermore, for 8-layer transmission, Table 6 provides
various combinations.

TABLE 6

Laver selection for total 8-layer transmission

Bitmap Indications for Per-UE

Index layers Transmission Rank Modes
0 [10000000] 1 SU-MIMO/MU-
MIMO
1 [01000000] 1 MU-MIMO
2 [00100000] 1 MU-MIMO
3 [00010000] 1 MU-MIMO
4 [00001000] 1 MU-MIMO
5 [00000100] 1 MU-MIMO
6 [00000010] 1 MU-MIMO
7 [00000001] 1 MU-MIMO
8 [11000000] 2 SU-MIMO/MU-
MIMO
9 [00110000] 2 MU-MIMO
10 [00011000] 2 MU-MIMO
11 [00001100] 2 MU-MIMO
12 [00000110] 2 MU-MIMO
13 [00000011] 2 MU-MIMO
14 [11100000] 3 SU-MIMO/MU-
MIMO
15 [00011100] 3 MU-MIMO
16 [00001110] 3 MU-MIMO
17 [00000111] 3 MU-MIMO
18 [11110000] 4 SU-MIMO/MU-
MIMO
19 [00001111] 4 MU-MIMO
20 [11111000] 5 SU-MIMO/MU-
MIMO
21 [11111100] 6 SU-MIMO/MU-
MIMO
22 [11111110] 7 SU-MIMO/MU-
MIMO
23 [11111111] 8 SU-MIMO
24-31 Reserved

The above tables show that all possible combinations of
layer allocations to multiple UEs can be generated using layer
assignments shown in the tables. For example, with a total of
8 layers from Table 6, the following layer assignments would
be possible:
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0-8 UEs with one spatial layer each;

0-4 UEs with two spatial layers each;

0-2 UEs with three spatial layers each;

0-2 UEs with four spatial layers each;

0-1 UEs with five spatial layers each;

0-1 UEs with six spatial layers each;

0-1 UEs with seven spatial layers each; and

0-1 UEs with eight spatial layers each.

Any combination of the above spatial layers assignments is
achievable using a subset of layer assignments given in Table
6 above, providing that the total number of assigned spatial
layers adds up to eight or less.

In one embodiment, Table 5 or 6 above could be modified
by flipping the bitmap. For example, the bitmap [1111110
0] could be flipped to become [00 11 111 1], which means
that the UE with the most layers could be assigned first
starting from the other end of the layer spectrum.

Referring to Tables 5 and 6 above, the bitmap in the second
column in the tables indicates which layers are scheduled and
which ones are not. Similar to the tables above with regard to
the bitmaps, bit “1” means that the corresponding layer is
scheduled for transmission, while bit “zero” means that the
corresponding layer is not scheduled for transmission. As will
be appreciated, all possible layer selections for SU-MIMO
are included and further in addition to those selected for
SU-MIMO, some addition layer combinations are selected
mainly with MU-MIMO transmission in mind. This allows
for the selection of a good mix for SU-MIMO and MU-
MIMO while keeping the number of selection hypotheses
low, but without losing scheduling flexibility.

As would be appreciated by those in the art, Tables 5 and 6
above also provide rank information for information pur-
poses. However, such information may not need to be trans-
mitted to the UE since the UE could derive such information
from bitmap indication for the layers (i.e. the total number of
bits in the bitmap corresponding to the index).

The left most column provides an index in the table set that
transmitted along with the associated DCI. As seen, from
Table 5 above, 3 bits are needed to signal the rank-4 trans-
missions and 5 signaling bits are needed for rank-8 transmis-
sions. This leads to a savings of 1-bit over the bitmap method
above for a rank-4 transmission and a savings of 3 bits for a
rank-8 transmission as compared with the bitmap method
above.

The selected layer combination could be semi-statically
configured by RRC signaling which indicates that it could
change from time to time, or may be fixed by the specifica-
tions for LTE release 9 or LTE-A.

For example, in an 8-layer case, the selection of layer
combinations for MU-MIMO may be different for different
UEs. Even for the same UE, the selected layer combination is
allowed to be changed during an RRC connected state.

4. Selecting Layers with Transport Block Enabling
Approach

Signaling from above may further be reduced by utilizing
information concerning the number of transport blocks (TB).
In particular, release 8 DCI formats 2 and 2A could be modi-
fied as a DCI format to carry signaling to indicate layers
assigned to a UE. DCI formats 2 and 2 A carry information for
two transport blocks and transport block disabling informa-
tion is included in the DCI. As will be appreciated by those in
the art, if one transport block is enabled while the second one
is disabled, this implies that a maximum rank of 4 is allowed,
while if two transport blocks are enabled then a rank>1 trans-
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mission is present (i.e. is two transport blocks are enabled,
then no rank equals one is allowed).
For signaling purposes 2 tables could be generated.
Referring to Table 7, when one transfer block is enabled,
this table may be used and contains transmission combina-
tions for ranks up to four transmissions.

TABLE 7

Transmission layer combination when one TB is enabled

Bitmap Indications for  Per-UE Transmission

Index layers Rank Modes
0 [10000000] 1 SU-MIMO/MU-
MIMO
1 [01000000] 1 MU-MIMO
2 [00100000] 1 MU-MIMO
3 [00010000] 1 MU-MIMO
4 [00001000] 1 MU-MIMO
5 [00000100] 1 MU-MIMO
6 [00000010] 1 MU-MIMO
7 [00000001] 1 MU-MIMO
8 [11000000] 2 SU-MIMO/MU-
MIMO
9 [01100000] 2 MU-MIMO
10 [00110000] 2 MU-MIMO
11 [00011000] 2 MU-MIMO
12 [00001100] 2 MU-MIMO
13 [00000110] 2 MU-MIMO
14 [00000011] 2 MU-MIMO
15 [10000001] 2 MU-MIMO
16 [11100000] 3 SU-MIMO/MU-
MIMO
17 [01110000] 3 MU-MIMO
18 [00111000] 3 MU-MIMO
19 [00011100] 3 MU-MIMO
20 [00001110] 3 MU-MIMO
21 [00000111] 3 MU-MIMO
22 [10000011] 3 MU-MIMO
23 [11000001] 3 MU-MIMO
24 [11110000] 4 SU-MIMO/MU-
MIMO
25 [01111000] 4 MU-MIMO
26 [00111100] 4 MU-MIMO
27 [00011110] 4 MU-MIMO
28 [00001111] 4 MU-MIMO
29 [10000111] 4 MU-MIMO
30 [11000011] 4 MU-MIMO
31 [11100001] 4 MU-MIMO

As seen from above, the above is limited to a rank of 4 but
provides additional combinations to those provided above
with regard to Table 6.

If both transport blocks are enabled, Table 8 is used, which
contains transport layer combinations for rank>1 transmis-
sion. As will be appreciated, if both transport blocks are
enabled the rank will be greater than one and therefore the
rank of “one” can be excluded from this table.

TABLE 8

Transmission layer combination when both TB are enabled

Bitmap Indications for  Per-UE Transmission

Index layers Rank Modes
0 [11000000] 2 SU-MIMO/MU-
MIMO
1 [01100000] 2 MU-MIMO
2 [00110000] 2 MU-MIMO
3 [00011000] 2 MU-MIMO
4 [00001100] 2 MU-MIMO
5 [00000110] 2 MU-MIMO
6 [00000011] 2 MU-MIMO
7 [10000001] 2 MU-MIMO
8 [11100000] 3 SU-MIMO/MU-
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TABLE 8-continued

Transmission layer combination when both TB are enabled

Bitmap Indications for  Per-UE Transmission

Index layers Rank Modes
MIMO
9 [01110000] 3 MU-MIMO
10 [00111000] 3 MU-MIMO
11 [00011100] 3 MU-MIMO
12 [00001110] 3 MU-MIMO
13 [00000111] 3 MU-MIMO
14 [10000011] 3 MU-MIMO
15 [11000001] 3 MU-MIMO
16 [11110000] 4 SU-MIMO/MU-
MIMO
17 [01111000] 4 MU-MIMO
18 [00111100] 4 MU-MIMO
19 [00011110] 4 MU-MIMO
20 [00001111] 4 MU-MIMO
21 [10000111] 4 MU-MIMO
22 [11000011] 4 MU-MIMO
23 [11100001] 4 MU-MIMO
24 [11111000] 5 SU-MIMO/MU-
MIMO
25 [01111100] 5 MU-MIMO
26 [00111110] 5 MU-MIMO
27 [00011111] 5 MU-MIMO
28 [11111100] 6 SU-MIMO/MU-
MIMO
29 [11111110] 7 SU-MIMO/MU-
MIMO
30 [11111111] 8 SU-MIMO/MU-
MIMO
31 Reserved

As both Table 7 and Table 8 contain 32 transmission layer
combinations, 5-bit signaling is enough. This is the same
signaling as required for the method corresponding with
Table 6 above. However, when comparing Table 7 and Table
8 with Table 6, there is additional information for transmis-
sion layer combinations which do not exist in Table 6. This is
because Table 6 follows a criteria that always assigns the UE
in descending order of layers. While such assignment may be
fine in many situations, in some scenarios such as Semi-
Persistent Scheduling (SPS), reordering layers from sub
frame to sub frame to a particular UE may not be possible.
The extra layer combinations provided in Table 7 and Table 8
may be beneficial in this case.

The scheme described with reference to Table 7 and Table
8 can be generalized such that a first mapping of a control
channel field to a layer indication is used if there is a first
number of transport blocks and a second mapping of a control
channel field to a layer indication is used if there is a second
number of transport blocks. In some embodiments, the con-
trol channel field is represented by the same number of bits for
these two cases.

5. Additional Signaling if DRS Ports are Total Rank
Dependent

The above embodiments use a one one-to-one mapping
between layers and DRS patterns/codes or DRS ports, where
a DRS port is a DRS pattern/code associated with a transmis-
sion layer and a DRS pattern/code indicates the time, fre-
quency, or spreading/scrambling code pattern used to trans-
mit the DRS. However, in some embodiments there could
exist scenarios where one-to-one layer to DRS mapping may
not exist. For example, the DRS on layer #1 for total trans-
mission rank of 4 may not be the same as DRS on layer #1 for
total transmission rank of 8. This may be caused by designs
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that allow DRS density/patterns on the same layer to be
different for different transmission ranks.

In particular, reference is made to FIG. 7 in which various
DRS allocations are made for the 2 layers shown in FIG. 7.

14
TABLE 9-continued

Rank > 1 transmission layer combination

Bitmap Indications for  Per-UE Transmission

However, DRS for layer 1 720 takes 6 resource elements 5 [yqex layers Rank Modes

(REs) for each layer. Since the patterns are orthogonal, the

DRS forlayer 2, illustrated by reference numeral 722, must be ; [8 8 8 é } } ? 8] ; ﬁgﬁ%g

in different positions. 6 REs are shown for the DRS for layer 9 %0 000011 1} 3 MU-MIMO

2. 10 [11110000] 4 SU-MIMO/MU-

As will be appreciated, if 6 REs per layer are utilized for 8 10 MIMO
layers, 48 REs in total need to utilized for RS, leaving little g Ff ? ? ? } é é é} ‘51 I;/IL}JI\%II\I/\IA(;)/MU
room for data. MIMO

Thus, in one embodiment, a maximum of 24 REs can be 13 [11111100] 6 SU-MIMO/MU-
utilized for DRS for the total rank of all layers. Thus, the DRS MIMO
may utilize only 3 REs per layer for an 8 layer embodiment. 15 !4 (L1111110] 7 SU-MIMO/MU-
Conversely, if 4 layers are provided, 6 REs per layer are 5 M1111111] 3 g/gl_v;ﬁMo
provided.

The capping of total number of DRS could lead to density/ ) ) )
patterns of DRS on the same layer which varies based on the ] As seen in Tab.le 9.above, the index for rank >1 transmis-
transmission ranks. When the total transmission layers are 20 S0 layer combinations where both transport blocks are
low, such as 2 or 4 layers, the DRS patterns or code could be enabled requires a total of 16 indices and thus can be accom-
designed such that they would not change with the transmis- plished utilizing 4 bits.
sion ranks. This would create a one-to-one mapping between As summarized in Table 10 below, the total required is 7
DRS and layer, where the solutions of Tables 3 to 8 could be ~ bits when transport block enabling is considered. In particu-
used. 55 lar, if only one transport block is enabled, 5 bits are required

For the scenarios where the DRS patterns/codes change for transmission layer signaling whereas 2 bits are required
with the total transmission rank, one solution is to signal the for transmission rank. Conversely, if both transport blocks are
total transmission rark in addition to the layers. This would ~ enabled only 4 bits are required for transmission of the layer
lead the UE to find the corresponding DRS for demodulation. information while 3 bits are required for the total transmis-
Such total transmission rank would require 3 bits to signal for 30 sion rank. In both cases, 7 total bits are required.

8 total transmission layers. Alternative embodiments could be
to signal the total DRS patterns for the transmission, as the TABLE 10
total DRS patterns could be different from the total transmis- . . . ]

. . c . . . Signaling bit when TB enabling information is considered
sion rank. For example, if Code Division Multiplexing
(CDM) is used for DRS multiplexing, the total DRS pattern 35 Bits for
could vary with every second number of ranks. Therefore, TB enabling transmission Bits for total Total
rank-3 and rank-4 could share the same DRS patterns while information layer transmission rank  signalling bits
rank-7 and rank-8 could share with the same DRS pattern as One TB is enabled 5 5 7
well. This makes the total DRS patterns 4, which only and the other is
requires 2 bits to signal. 40 disabled

5.1. Signaling when Transport Block Enabling is Consid- Both TB are enabled 4 3 /
ered

When one transport block is enabled while the other is 5.2. Signaling with Joint Coding of Layer and Rank
disabled, 5 bits are needed for signaling layer combinations. An alternative to explicitly signaling total transmission
In addition, 2 bits are needed to signal the total rank of 4, 45 rank which could require up to 3 bits could be to use the joint
requiring 7 bits in total to signal both layer combinations and coding of both rank and layer information. For example,
total transmission rank. When two TB are all enabled, 3 bits when considering Table 9 above, when both the transport
are required to signal the total rank to 8. To align the total blocks are enabled, 4 bits are needed to signal the transmis-
number of signaling bits with the scenario where one TB is sion layer which leads to a total of 7-bit signaling if 3-bit
enabled, the layer combinations for rank>1 contained in 50 additional signaling is used for total transmission rank.
Table 6 above could be used which, as shown in Table 9 Table 11 below, shows an example of a joint coding of rank
below, requires 4 bits to signal. and layer information. As will be appreciated utilizing the

table, 50 combinations are needed, requiring 6 bits for sig-
TABLE 9 naling. This further leads to a 1-bit savings over separate
55 coding the rank and layer information, and also leaves 10
Rank > 1 transmission layer combination fields unused, which could be reserved for other purposes.
Bitmap Indications for  Per-UE Transmission
Index layers Rank Modes TABLE 11

0 [11000000] 2 ;H%MO/ MU- 60 Combined Layer and total transmission rank for 8-layer transmission

1 00110000] 2 MU-MIMO Bitmap Per UE Total

2 [00011000] 2 MU-MIMO Indications for transmission  transmission

3 [00001100] 2 MU-MIMO Index layers rank rank Modes

4 [00000110] 2 MU-MIMO

5 00000011] 2 MU-MIMO 0 [11000000] 2 8 MU-MIMO

6 [11100000] 3 SU-MIMOMU- 65 1 [00110000] 2 8 MU-MIMO

MIMO 2 [00011000] 2 8 MU-MIMO
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TABLE 11-continued

Combined Laver and total transmission rank for 8-layer transmission

Bitmap Per UE Total
Indications for transmission transmission
Index layers rank rank Modes

3 [00001100] 2 8 MU-MIMO

4 [00000110] 2 8 MU-MIMO

5 [00000011] 2 8 MU-MIMO

6 [11100000] 3 8 MU-MIMO

7 [00011100] 3 8 MU-MIMO

8 [00001110] 3 8 MU-MIMO

9 [00000111] 3 8 MU-MIMO
10 [11110000] 4 8 MU-MIMO
11 [00001111] 4 8 MU-MIMO
12 [11111000] 5 8 MU-MIMO
13 [11111100] 6 8 MU-MIMO
14 [11111110] 7 8 MU-MIMO
15 [11111111] 8 8 SU-MIMO
16 [1100000%] 2 7 MU-MIMO
17 [0011000%] 2 7 MU-MIMO
18 [0001100%] 2 7 MU-MIMO
19 [0000110%] 2 7 MU-MIMO
20 [0000011x%] 2 7 MU-MIMO
21 [1110000%] 3 7 MU-MIMO
22 [0001110%] 3 7 MU-MIMO
23 [0000111x%] 3 7 MU-MIMO
24 [1111000%] 4 7 MU-MIMO
25 [1111100%] 5 7 MU-MIMO
26 [1111110%] 6 7 MU-MIMO
27 [1111111%] 7 7 SU-MIMO
28 [110000xx] 2 6 MU-MIMO
29 [001100xx] 2 6 MU-MIMO
30 [000110xx] 2 6 MU-MIMO
31 [000011xx] 2 6 MU-MIMO
32 [111000x%] 3 6 MU-MIMO
33 [000111xx] 3 6 MU-MIMO
34 [111100xx%] 4 6 MU-MIMO
35 [111110xx%] 5 6 MU-MIMO
36 [111111xx] 6 6 SU-MIMO
37 [11000xxX] 2 5 MU-MIMO
383 [00110xxX] 2 5 MU-MIMO
39 [00011xxX] 2 5 MU-MIMO
40 [11100xxX] 3 5 MU-MIMO
41 [11110xxX] 4 5 MU-MIMO
42 [11111xxx] 5 5 SU-MIMO
43 [1100xxxX] 2 4 MU-MIMO
4 [0011xxxX] 2 4 MU-MIMO
45 [1110xxxX] 3 4 MU-MIMO
46 [1111xxxX] 4 4 SU-MIMO
47 [110xXXXX] 2 3 MU-MIMO
48 [111xxxXXX] 3 3 SU-MIMO
49 [11xxXxXXXX] 2 2 SU-MIMO

50-63 Reserved

In Table 11 above, “x” indicates layers not transmitted

Another example as shown in Table 12 below for a total of
2 layer transmission, where 2 bits could be used to signal both
layers and total transmission rank.

TABLE 12
Combined Layer and total transmission rank for 2-layer transmission
Per UE Total
Bitmap indication transmission transmission
Index of layers rank rank Mode
0 [1x] 1 1 SU-MIMO
1 [10] 1 2 MU-MIMO
2 [01] 1 2 MU-MIMO
3 11 2 2 SU-MIMO

Again, “x” in the table indicates layers not transmitted

If TB information in Rel-8 DCI format 2/2 A is considered,
then rank-2 SU-MIMO with bitmap oflayers of [1 1] in Table
12 does not need to be signaled and this index could be
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reserved for other purpose. To be more specific, the following
steps could be used to determine the signaling:

If both TB are enabled, no explicit signal is needed as this
implies that rank-2 SU-MIMO will be transmitted

Else if only one TB is enabled, using signaling in Table 13

As there exists a one-to-one mapping between layer and
DRS ports, such signaling could also be used to signal the
DRS ports, and in Table 13, port® and port® are DRS ports
corresponding to layer 0 and 1, respectively.

TABLE 13

Combined Layer and total transmission rank for 2-layer transmission

Bitmap
indication of  Total transmission
Index layers rank Mode DRS port
0 [1x] 1 SU-MIMO  port®
1 [10] 2 MU-MIMO  port®
2 01 2 MU-MIMO  port!
3 Reserved

Again, the “x” in the table indicates layers not transmitted

Based on the above, by applying joint coding as shown in
the examples, both transmit layers and total transmission rank
could be signaled together. It should also be noted that in
addition to transmit layer and total transmission rank, the
SU-MIMO or MU-MIMO mode information is also signaled.

6. Signaling of DRS Ports

The signaling disclosed above could be viewed as a part of
signaling of DRS patterns/codes or DRS ports which are just
divided into some intermediate steps of signaling for layers
first, being followed by a layer to DRS port mapping as shown
below withregard to FIG. 10. Alternatively, such signaling for
DRS ports could be worked out directly in a way that signal-
ing could be directly mapped to a DRS port.

Reference is now made to FIG. 10. In FIG. 10, a base
station 1010 communicates with a UE 1020.

The signaling between base station 1010 and UE 1020
provides layer and other information to UE 1020.

As seen with reference numeral 1030, the signaling
between the base station 1010 and the UE 1020 is the equiva-
lent to signaling the DRS ports where the UE can derive the
DRS ports based on a layer to DRS mapping.

However, if DRS ports are independent of the total trans-
mission rank but only depend on the transmission layer, this
may be denoted as DRS port”, where n is the layer index. In
this case, there will be total of N DRS antenna ports, port”,
n=0, ..., N-1, where N is the maximum possible transmis-
sion layer rank. For such a case, the transmission layer has a
one-to-one mapping to the DRS port, and therefore, all layer
indices could be viewed as the DRS port indices, and the
signaling of the layer index in the above embodiments may be
viewed as the signaling of a DRS port index.

If the DRS ports are dependent on both the transmission
layer and total transmission rank, then this may be denoted as
port,”, where n is the layer index and m is the total transmis-
sion rank. For example, ports>, refers to a DRS port for
transmission layer 3 where the total transmission rank is 5.

Reference is now made to Tables 14 and 15 below. These
tables are modified from Tables 6 and 11 above which include
DRS ports in the signaling table.
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TABLE 15-continued

Signaling table with DRS ports
(rank information is separately encoded)

Bitmap Per UE
Indications for ~ transmission
Index layers rank Modes DRS port
0 [10000000] 1 SU-MIMO/  port,,°
MU-MIMO
1 [01000000] 1 MU-MIMO  port,!
2 [00100000] 1 MU-MIMO  port,,>
3 [00010000] 1 MU-MIMO
4 [00001000] 1 MU-MIMO
5 [00000100] 1 MU-MIMO
6 [00000010] 1 MU-MIMO
7 [00000001] 1 MU-MIMO
8 [11000000] 2 SU-MIMO/  port,,°, port,,*
MU-MIMO
9 [00110000] 2 MU-MIMO  port,?, port,,>
TABLE 15
Signaling table with DRS ports (rank information is jointly encoded
Per UE  Total
Bitmap trans-  trans-
Indications mission mission
Ind. for layers rank rank Modes DRS port
0 [11000000] 2 8  MU-MIMO portg? portg!
1 [00110000] 2 8  MU-MIMO portg?, portg®
2 [00011000] 2 8  MU-MIMO .
3 [00001100] 2 8  MU-MIMO
4 [00000110] 2 8  MU-MIMO
5 [00000011] 2 8  MU-MIMO
6 [11100000] 3 8  MU-MIMO portg?,
portg’,
portg”
7 [00011100] 3 8  MU-MIMO
8 [00001110] 3 8  MU-MIMO
9 [00000111] 3 8  MU-MIMO
10 [11110000] 4 8  MU-MIMO
11 [00001111] 4 8  MU-MIMO
12 [11111000] 5 8  MU-MIMO
13 [11111100] 6 8  MU-MIMO
14 [11111110] 7 8  MU-MIMO
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Signaling table with DRS ports (rank information is jointly encoded

Per UE  Total
Bitmap trans-  trans-
Indications mission mission
Ind. for layers rank rank Modes DRS port
15 [11111111] 8 8 SU-MIMO
16 MU-MIMO  port-°, port;*

[1100000] 2 7

In Table 14, the rightmost column shows the DRS antenna
ports which could be used by the UE for demodulation. As the
total rank information is separately encoded, the UE needs to
decode the rank information m and use that in conjunction
with the DRS ports indication in the table to find the proper
DRS port for demodulation.

InTable 15, ranks are jointly encoded with the transmission
layer, the rightmost column shows the explicit DRS antenna
ports which could be used by the UE for demodulation. In
either case, the signaling described above could be viewed as
signaling for DRS ports index.

In another example when TB enabling is considered and
selected layer combinations are supported for MU-MIMO,
the layers and DRS ports could be signaled to the UE as
shown in Table 16. In the example of Table 16 the total
maximum layers supported in MU-MIMO is 4 and the maxi-
mum layers per UE is 2. In this case, 3-bits are needed.

In the example of Table 16, the illustrated DRS ports for
MU-MIMO only transmission are meant only as an example,
and other DRS ports combination could be used. As for SU-
MIMO, up to 8 layers may need to be supported, so 3-bits are
needed to indicate the rank.

The signaling design in Table 16 is able to support both
MU-MIMO and SU-MIMO transmission without explicitly
indicating whether the transmission is SU-MIMO or MU-
MIMO. As 8 layers need to be supported for SU-MIMO, 3
bits are needed for signaling, as shown in Table 3 above.
However, the embodiment of Table 16 adds no overhead to
support both MU-MIMO and SU-MIMO.

TABLE 16

Signaling of DRS ports (with total 4 rank in MU-MIMO)

If one TB is enabled and other is

disabled Both TB are enabled
Bit map for DRS Bit map for
Index layers ports Transmission layers DRS ports Transmission
[10000000] porty® SUMU- [11000000] portg®, portg SU/MU-
MIMO MIMO

1 [01000000] portg! MU-MIMO [00110000] portg?, ports® MU-MIMO
2 [00100000] portgZ MU-MIMO [11100000] portg?, portg!, portg?  SU-MIMO
3 [00010000] portg® MU-MIMO [11110000] portg®, ..., ports>  SU-MIMO
4 Reserved [11111000] portg? ..., portg*  SU-MIMO
5 Reserved [11111100] portg’ ..., porty>  SU-MIMO
6 Reserved [11111110] portg? ..., ports®  SU-MIMO
7  Reserved [11111111] portg’ ..., porty’  SU-MIMO
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An alternative to the solution of Table 16 is to support two
types of DRS ports for MU-MIMO simultaneously, these two
types of DRS ports could provide different number of
orthogonal DRS ports and tailor different scenarios. As
shown in Table 17, DRS ports indicated by * may not be the
same as corresponding DRS ports without *. For example, in
a CDM/FDM type of DRS design, DRS ports denoted by
port° . .. port,’ may have a different walsh code length as
port%* .. porty>*, suchas port,° . .. port,” having walsh code
length of 2, while port”* . . . port,>* having walsh code
length of 4. The purpose of designing two types of DRS ports
would be to tailor different application scenarios of MU-
MIMO. For example, when there are large number of users to
be scheduled in MU-MIMO, port,°* . . . port.>* could be
used, which has walsh code length of 4, and therefore, could
provide 4 orthogonal DRS ports and lead to improved perfor-
mance. On the other hand, when there are less users to be
scheduled in MU-MIMO, whose spatial separation is rela-
tively large, port,° and port,* could be used, whose walsh
code length is 2, and therefore could provide two orthogonal
DRS ports. From Table 17, it can be seen that both types of
DRS ports could be signalled without requiring extra over-
head and it could be up to the eNB to decide which DRS ports
are used.

TABLE 17
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second set of UEs. For example a first set of UEs correspond-
ing to Rel-8 UEs and a second set of UEs corresponding to
beyond Rel-8 UEs could be used. If the targeted UE is from
the first set, then the DCI formatted message will be config-
ured to carry an indication of PMI. If the targeted UE is from
the second set, the DCI formatted message will be configured
to carry an indication of layers. In some embodiments, the
indication of PMI and the indication of layers are represented
by the same number of bits.

10. Signaling of DRS for Rank-1 MU-MIMO
Transmission

The embodiments described above consider auniform DCI
format for signaling both the SU-MIMO and MU-MIMO
transmission. They are flexible and could support all layer
transmissions from 1 to 8 layers. However, in certain embodi-
ments, it may be possible to have only rank-1 transmissions
that are supported for MU-MIMO. For such deployments, if
one of the proposed methods is used for signaling layers or
DRS, and if DCI formats similar to those used in 2 or 2A are
used, bits such as those corresponding to the 2nd transport
block will be wasted. To avoid the potential wastage, a more
compact DCI format could be considered which only con-

Signaling of two types of DRS ports (with total 4 rank in MU-MIMO)

If one TB is enabled and
other is disabled

Both TB are enabled

Bit map for DRS Bit map for
Index layers ports Transmission layers DRS ports Transmission
0 [10000000] portg® SUMU- [11000000] portg®*, portg!* SUMU-
MIMO MIMO
1 [10000000] portg®™® SU/MU- [00110000] portg®*, portg™* MU-MIMO
MIMO
2 [01000000] portgd MU-MIMO [11100000] portg®, portg?, portg?> SU-MIMO
3 [01000000] portg'* MU-MIMO [11110000] port?...,portg>  SU-MIMO
4 [00100000] portg®™ MUMIMO [11111000] ports,...,portg*  SU-MIMO
5 [00010000] portg®™® MUMIMO [11111100] port,...,ports>  SU-MIMO
6 Reserved [11111110] portg?...,portg®  SU-MIMO
7  Reserved [11111111] port,...,porty”  SU-MIMO
9. DCI Format to Carry Signaling tains information for one layer. In this case, the UE can be
45 signaled which DRS to use by an N bit long field, where 2 exp

The signaling for the transmission layer could be carried on
anew DCI format designed for LTE Rel-9 or Rel-10, or could
be carried in a modified Rel-8 DCI format. In the case of a
modified Rel-8 DCI format, the formats for 2 or 2A in Rel-8
could be the most suitable DCI formats when a single DCI
format covering both SU-MIMO and MU-MIMO is to be
received by the UE.

As DRS is used for demodulation in Rel-9 and Rel-10, the
transmitted precoding matrix (TPMI) information is not
needed in DCI, so the bits that correspond to pre-coding
information in these formats could be removed and replaced
with the proposed signaling bits, which could signal both the
transmission layers or DRS ports and, if needed, the total
transmission rank.

For example, if the number of total transmission layers is 8,
the signaling bits for PMI could be 6 or more, and the savings
on the use of those bits could be used for signaling layer
information, which would also require 5 or 6 bits. Such a
modified DCI format could be used in Rel-9 or Rel-10 for
both SU-MIMO and MU-MIMO.

Generally, at the eNB, the same DCI formatted message
may be used to carry different information for a first and
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N is greater than or equal to the total number of DRS available
to the UE.

For example, if 4 DRS are used for a 4 transmit antenna
rank-1 MU-MIMO, then each of the 4 UEs would be signaled
2 bits to indicate which one of the 4 DRSs to use. A modified
version of DCI format 1D may be used for such rank-1 MU-
MIMO transmissions where DRS assignment bits described
could replace the TPMI information.

In a further embodiment, such a rank-1 only MU-MIMO
could also be used as a fallback mode for a more general high
rank MU-MIMO. In such case, the UE could try to detect both
modified DCI format 1D for rank-1 MU-MIMO as well as
modified DCI formats 2 or 2A for more general high-rank
MU-MIMO.

Based on the above, a number of configurations for MU-
MIMO transmission could exist. In a first embodiment, a
rank-1 only MU-MIMO transmission would be applied using
a modified DCI format 1D.

In a further configuration, it would include a high-order
MIMO transmission including both SU-MIMO and
MU-MIMO, which uses a new DCI format, or a DCI format
modified from Rel-8 DCI formats 2 and 2A.
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In athird configuration, the rank-1 only MU-MIMO is used
as a fallback mode for a more general high-order MIMO
transmission mode. Both DCI formats from the above could
be transmitted.

High-level signaling could be used to inform the UE of 3
such configuration so that the UE would know what kind of
DCI formats it needs to decode.

11. Summary of Embodiments
10
The signaling bits for each approach are summarized with
regard to Table 18 and Table 19 below. Table 18 summarizes
the signaling required for 2 and 4 layers. As shown, the
methods require more or less the same signaling overhead.
Table 19 summarizes the signaling overhead for 8 layers,
where the most signaling overhead is incurred. From Table
19, it can be observed that although the bitmap approach
provides the most flexibility, it requires the most signaling
bits as well. Alternatives provide group assigned approaches
and select layer approaches to reduce the overhead of signal-
ing without losing flexibility. Furthermore, with the help of
the transport block enabling information and joint coding of
both rank and layer, overall signaling could be reduced even
further. Comparing the joint coding method with the bitmap
method, the overall signaling bits are almost cut in half.

TABLE 18

Summary of signaling bits for total of 2 and 4 layers

30
Total number

of Bits for Bits for total
transmission  transmission transmission Total bits for
Methods layers layer rank signaling
Bitmaps 2 2 1 3 35
Approach 4 4 2 6
Group 2 2 1 3
Assignment 4 4 2 6
Approach
Selected 2 2 1 3
Layer 4 3 2 5
Approach 40
TABLE 19
Summary of signaling bits for total of 8 layers 45
Total Bits for
number of trans- Bits for total ~ Total bits
transmission  mission  transmission for
Methods layers layer rank signaling
50
Bitmaps Approach 8 8 3 11
Group Assignment 8 6 3 9
Approach
Selected Layer 8 5 3 8
Approach
Selected One TB 8 5 2 7 55
Layer with enabled
TB Two TB 8 4 3 7
Enabling enabled
Approach  with
separate
coding
Two TB 8 6 90
enabled
with
joint
coding

65
Furthermore, subset selections can be applied to limit the
transmission to use only selected layer combinations from the
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tables. For example, a subset of layer assignments for SU-
MIMO can be used when the eNB would like to force the
transmission in SU-MIMO mode. In other scenarios, certain
layers may be reserved for SPS (Semi-Persistent Scheduling)
transmission and therefore, subset selections could avoid the
assignment of such layers to the UE. Such subsets could be
predefined in signals through broadcast channels or higher
layer signals.

In some scenarios, it may beneficial to use the proposed
approaches to signal the layer assignment to a UE in a unified
MIMO transmission mode, which could include MU-MIMO
and SU-MIMO transmissions and allow dynamic switching
between them without awareness by the UE.

Furthermore, in some embodiments, the signaling
approaches proposed above could also be used for separate
SU-MIMO and MU-MIMO transmission modes, that are
explicitly specified semi-statically by higher-layer signaling
such as RRC.

The above can be implemented on any user equipment on
the receiving side and any network element such as an
evolved Node B on the sending side. On the sending side, the
network element will generally include a processor, memory
and communications subsystem to send the information con-
cerning transport layers utilized.

For the UE side, FIG. 11 is a block diagram illustrating a
UE capable of being used with embodiments of the apparatus
and method of the present application. Mobile device 1100 is
typically atwo-way wireless communication device having at
least voice communication capabilities. Depending on the
exact functionality provided, the wireless device may be
referred to as a data messaging device, a two-way pager, a
wireless e-mail device, a cellular telephone with data mes-
saging capabilities, a wireless Internet appliance, a mobile
device, or a data communication device, as examples.

Where UE 1100 is enabled for two-way communication, it
will incorporate a communication subsystem 1111, including
both a receiver 1112 and a transmitter 1114, as well as asso-
ciated components such as one or more, typically embedded
or internal, antenna elements 1116 and 1118, local oscillators
(LOs) 1113, and a processing module such as a digital signal
processor (DSP) 1120. As will be apparent to those skilled in
the field of communications, the particular design of the
communication subsystem 1111 will be dependent upon the
communication network in which the device is intended to
operate.

Network access requirements will also vary depending
upon the type of network 1119. An LTE UE may require a
subscriber identity module (SIM) card in order to operate on
the LTE or LTE-A network. The SIM interface 1144 is nor-
mally similar to a card-slot into which a SIM card can be
inserted and ejected like a diskette or PCMCIA card. The SIM
card may hold key configuration 1151, and other information
1153 such as identification, and subscriber related informa-
tion.

When network registration or activation procedures have
been completed, UE 1100 may send and receive communi-
cation signals over the network 1119. As illustrated in FIG.
11, network 1119 can consist of multiple antennas commu-
nicating with the UE. These antennas are in turn connected to
an eNB 1170.

Signals received by antenna 1116 through communication
network 1119 are input to receiver 1112, which may perform
such common receiver functions as signal amplification, fre-
quency down conversion, filtering, channel selection and the
like, and in the example system shown in FIG. 11, analog to
digital (A/D) conversion. A/D conversion of a received signal
allows more complex communication functions such as
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demodulation and decoding to be performed in the DSP 1120.
In a similar manner, signals to be transmitted are processed,
including modulation and encoding for example, by DSP
1120 and input to transmitter 1114 for digital to analog con-
version, frequency up conversion, filtering, amplification and
transmission over the communication network 1119 via
antenna 1118. DSP 1120 not only processes communication
signals, but also provides for receiver and transmitter control.
For example, the gains applied to communication signals in
receiver 1112 and transmitter 1114 may be adaptively con-
trolled through automatic gain control algorithms imple-
mented in DSP 1120.

UE 1100 may include a microprocessor 1138 which con-
trols the overall operation of the device. Communication
functions, including data and voice communications, are per-
formed through communication subsystem 1111. Micropro-
cessor 1138 also interacts with further device subsystems
such as the display 1122, flash memory 1124, random access
memory (RAM) 1126, auxiliary input/output (I/O) sub-
systems 1128, serial port 1130, one or more keyboards or
keypads 1132, speaker 1134, microphone 1136, other com-
munication subsystem 1140 such as a short-range communi-
cations subsystem and any other device subsystems generally
designated as 1142. Serial port 1130 could include a USB port
or other port known to those in the art.

Some of the subsystems shown in FIG. 11 perform com-
munication-related functions, whereas other subsystems may
provide “resident” or on-device functions. Notably, some
subsystems, such as keyboard 1132 and display 1122, for
example, may be used for both communication-related func-
tions, such as entering a text message for transmission over a
communication network, and device-resident functions such
as a calculator or task list.

Operating system software used by the microprocessor
1138 is generally stored in a persistent store such as flash
memory 1124, which may instead be a read-only memory
(ROM) or similar storage element (not shown). Those skilled
in the art will appreciate that the operating system, specific
device applications, or parts thereof, may be temporarily
loaded into a volatile memory such as RAM 1126. Received
communication signals may also be stored in RAM 1126.

As shown, flash memory 1124 can be segregated into dif-
ferent areas for both computer programs 1158 and program
data storage 1150, 1152, 1154 and 1156. These different
storage types indicate that each program can allocate a por-
tion of flash memory 1124 for their own data storage require-
ments. Microprocessor 1138, in addition to its operating sys-
tem functions, preferably enables execution of software
applications on the UE. A predetermined set of applications
that control basic operations, including at least data and voice
communication applications for example, will normally be
installed on UE 1100 during manufacturing. Other applica-
tions could be installed subsequently or dynamically.

One software application may be a personal information
manager (PIM) application having the ability to organize and
manage data items relating to the user of the UE such as, but
not limited to, e-mail, calendar events, voice mails, appoint-
ments, and task items. Naturally, one or more memory stores
would be available on the UE to facilitate storage of PIM data
items. Such PIM application would generally have the ability
to send and receive data items, via the wireless network 1119.
In one embodiment, the PIM data items are seamlessly inte-
grated, synchronized and updated, via the wireless network
1119, with the UE user’s corresponding data items stored or
associated with a host computer system. Further applications
may also be loaded onto the UE 1100 through the network
1119, an auxiliary I/O subsystem 1128, serial port 1130,
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short-range communications subsystem 1140 or any other
suitable subsystem 1142, and installed by a user in the RAM
1126 or a non-volatile store (not shown) for execution by the
microprocessor 1138. Such flexibility in application installa-
tion increases the functionality of the device and may provide
enhanced on-device functions, communication-related func-
tions, or both. For example, secure communication applica-
tions may enable electronic commerce functions and other
such financial transactions to be performed using the UE
1100.

In a data communication mode, a received signal such as a
text message or web page download will be processed by the
communication subsystem 1111 and input to the micropro-
cessor 1138, which may further process the received signal
for element attributes for output to the display 1122, or alter-
natively to an auxiliary I/O device 1128.

A user of UE 1100 may also compose data items such as
email messages for example, using the keyboard 1132, which
may be a complete alphanumeric keyboard or telephone-type
keypad in some embodiments, in conjunction with the display
1122 and possibly an auxiliary /O device 1128. Such com-
posed items may then be transmitted over a communication
network through the communication subsystem 1111.

For voice communications, overall operation of UE 1100 is
similar, except that received signals would typically be output
to a speaker 1134 and signals for transmission would be
generated by a microphone 1136. Alternative voice or audio
1/O subsystems, such as a voice message recording sub-
system, may also be implemented on UE 1100. Although
voice or audio signal output is generally accomplished pri-
marily through the speaker 1134, display 1122 may also be
used to provide an indication of the identity of a calling party,
the duration of a voice call, or other voice call related infor-
mation for example.

Serial port 1130 in FIG. 11 would normally be imple-
mented in a personal digital assistant (PDA)-type UE for
which synchronization with a user’s desktop computer (not
shown) may be desirable, but is an optional device compo-
nent. Such a port 1130 would enable a user to set preferences
through an external device or software application and would
extend the capabilities of UE 1100 by providing for informa-
tion or software downloads to UE 1100 other than through a
wireless communication network. The alternate download
path may for example be used to load an encryption key onto
the device through a direct and thus reliable and trusted con-
nection to thereby enable secure device communication. As
will be appreciated by those skilled in the art, serial port 1130
can further be used to connect the UE to a computer to act as
a modem.

Other communications subsystems 1140, such as a short-
range communications subsystem, is a further component
which may provide for communication between UE 1100 and
different systems or devices, which need not necessarily be
similar devices. For example, the subsystem 1140 may
include an infrared device and associated circuits and com-
ponents or a Bluetooth™ communication module to provide
for communication with similarly enabled systems and
devices. Subsystem 1140 may also be used for WiFi or
WIiMAX communications.

The embodiments described herein are examples of struc-
tures, systems or methods having elements corresponding to
elements of the techniques of this application. This written
description may enable those skilled in the art to make and use
embodiments having alternative elements that likewise cor-
respond to the elements of the techniques of this application.
The intended scope of the techniques of this application thus
includes other structures, systems or methods that do not
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differ from the techniques of this application as described
herein, and further includes other structures, systems or meth-
ods with insubstantial differences from the techniques of this
application as described herein.

The invention claimed is:

1. An eNodeB of a multiple input multiple output ‘MIMO’
system, comprising:

a processor configured to execute instructions that cause
transmission of downlink control information ‘DCI’ that
contains information regarding transport blocks to be
utilized by a user equipment ‘UE’ and an index value
regarding dedicated reference signal ports to be utilized
by the UE;

wherein if the information signifies that one transport
block is used, a first set of layer combinations or asso-
ciated combinations of dedicated reference ports is to be
utilized by the UE,

and wherein if the information signifies that two transport
blocks are used, a second set of layer combinations or
associated combinations of dedicated reference ports is
to be utilized by the UE,

and wherein up to eight dedicated reference ports are indi-
cated for use by the UE,

and wherein the index value and the set of layer combina-
tions or associated combinations of dedicated reference
ports indicate to the UE which layer combination or
associated combination of dedicated reference ports to
utilize.

2. The eNodeB of claim 1 wherein the information and
index value, which is contained in the DCI, supports multiple-
user MIMO transmissions.

3. The eNodeB of claim 1 wherein a scrambling code is
associated with the index value.

4. The eNodeB of claim 1 wherein the eNodeB is capable
of at least one of long term evolution ‘LTE’ operations and
LTE-advanced operations.

5. A non-transitory computer-readable medium storing
instructions which, when executed by a processor of an eNo-
deB, cause transmission of downlink control information
‘DCT’ that contains information regarding transport blocks to
be utilized by a user equipment ‘UE’ and an index value
regarding dedicated reference signal ports to be utilized by
the UE;

wherein if the information signifies that one transport
block is used, a first set of layer combinations or asso-
ciated combinations of dedicated reference ports is to be
utilized by the UE,

and wherein if the information signifies that two transport
blocks are used, a second set of layer combinations or
associated combinations of dedicated reference ports is
to be utilized by the UE,

and wherein up to eight dedicated reference ports are indi-
cated for use by the UE,
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and wherein the index value and the set of layer combina-
tions or associated combinations of dedicated reference
ports indicate to the UE which layer combination or
associated combination of dedicated reference ports to
utilize.

6. The non-transitory computer-readable medium of claim

5 wherein the information and index value, which is con-
tained in the DCI, supports multiple-user MIMO transmis-
sions.

7. The non-transitory computer-readable medium of claim
5 wherein a scrambling code is associated with the index
value.

8. The non-transitory computer-readable medium of claim
5 wherein the instructions cause the eNodeB to perform the
transmission of DCI during at least one oflong term evolution
‘LTE’ operations and .TE-advanced operations.

9. A user equipment ‘UE’ comprising:

a processor configured to execute instructions that cause
receipt of downlink control information ‘DCI’ that con-
tains information regarding transport blocks to be uti-
lized and an index value regarding dedicated reference
signal ports to be utilized;

wherein if the information signifies that one transport
block is used, a first set of layer combinations or asso-
ciated combinations of dedicated reference ports is uti-
lized by the UE,

and wherein if the information signifies that two transport
blocks are used, a second set of layer combinations or
associated combinations of dedicated reference ports is
utilized by the UE,

and wherein up to eight dedicated reference ports are indi-
cated for use by the UE,

and wherein the index value and the set of layer combina-
tions or associated combinations of dedicated reference
ports indicate to the UE which layer combination or
associated combination of dedicated reference ports to
utilize.

10. The UE of claim 9 wherein the information and index
value, which is contained in the DCI, supports multiple-user
MIMO transmissions.

11. The UE of claim 9 wherein a scrambling code is asso-
ciated with the index value.

12. The UE of claim 9 wherein the instructions cause the
UE to perform the receipt of DCI during at least one of long
term evolution ‘LTE’ operations and L'TE-advanced opera-
tions.

13. The UE of claim 9 wherein the instruction further cause
the UE to utilize at least one of said transport blocks and said
dedicated reference signal ports based on the information
contained in the DCI.



